Objective: to measure the cost-effectiveness of an early discharge and rehabilitation service (EDRS) in Nottingham, UK. Design: data were collected during a randomised controlled trial. Methods: cost and cost-effectiveness analyses were conducted from the perspective of service providers (health and social services) over a period of 12 months. Resource variables included were the EDRS intervention, the initial acute hospital admission (from randomisation), readmission to hospital, hospital outpatient visits, stays in nursing and residential homes, general practitioner contact, community health services and social services. The effectiveness measure was the EuroQol EQ-5D score, from which quality-adjusted life years (QALY) were calculated. Cost-effectiveness was calculated as cost per QALY gained. Results: at 12 months the mean untransformed total cost for the EDRS was £8,361 compared to £10,088 for usual care, a saving of £1,727 (P = 0.05). Cost-effectiveness acceptability curves showed a high probability that the EDRS was cost effective across a range of monetary values for a QALY. Conclusions: the Nottingham EDRS was likely to be more cost effective than usual care.
Introduction
The cost-effectiveness of schemes supporting the discharge of elderly people from hospital is uncertain, since there is a concern that early discharge from hospital could shift costs to primary, community and social services, rather than reduce the overall costs to society. Some economic evaluations have been carried out, but they have produced conflicting or ambiguous results [1] [2] [3] [4] .
We describe an economic evaluation conducted alongside our randomised controlled trial (RCT) of an early discharge and rehabilitation service (EDRS) in Nottingham, UK [5] . We recruited 370 patients aged 65 or above, who were medically fit for discharge, had social and rehabilitation needs that could be met at home and could manage without 24-hour care. They were randomised to EDRS or usual care. The EDRS provided a home care and rehabilitation package providing up to four visits per day for up to 4 weeks, delivered by a team of nurses, physiotherapists, occupational therapists and rehabilitation assistants. Patients in the usual care group were discharged to routine social services home care and outpatient rehabilitation.
Methods

RCT study population
Recruitment for the RCT took place from acute and rehabilitation wards in NHS hospitals in Nottingham over a 12 month period from June 1999. Figure 1 shows the flow of participants through the study. Participants had a median age of 80; 246 (67%) were female, 247 (67%) lived alone and the median hospital stay at randomisation was 13.5 days. They were typical of older people admitted acutely to hospital: the three most frequent conditions causing admission were fractures (105, 28%), neurological conditions, principally stroke (97, 26%) and cardio-respiratory illnesses (50, 14%). There were no significant differences between the groups with respect to age, gender, diagnosis, current or prior activity limitation at baseline [5] . The RCT reported that at 3 months the EDRS patients performed better in personal activities of daily living, kitchen and domestic activities of daily living, and had greater psychological well-being. Significant domestic activities of daily living and psychological well-being benefits remained at 12 months. The EDRS carers had better psychological well-being at 3 months. The EDRS reduced the mean length of hospital stay by 9 days, using an average of 22 home visits.
The economic analysis consisted of two stages: a costing study followed by a cost-effectiveness analysis. Local research ethics committee approval was obtained.
Costing study
The perspective was that of service providers (health and social services). Whilst economic evaluation based on a societal perspective is preferred, limited research resources meant that we were unable to perform sufficiently comprehensive analysis of patient and carer's private resource use. EDRS patients were not charged for this service.
Resource variables included were the EDRS intervention, the initial acute hospital admission (from randomisation), inpatient readmission to hospital, hospital outpatient visits, stays in nursing and residential homes, general practitioner (GP) contact, community health services and social services. Resource use was quantified using data collected from service providers for 12 months after randomisation.
The EDRS intervention was quantified based on recorded client contact time with a team member. The unit cost used to value this activity was taken from Netten et al. [6] and incorporated all aspects of service provision such as travel, administration and overhead costs.
The cost of initial acute inpatient hospital admissions and inpatient re-admissions was estimated based on length of stay and cost per bed day by clinical speciality using local NHS reference cost schedules for 2000/1 [7] .
The cost of hospital outpatient attendances was estimated based on the observed number of visits by clinical speciality (including physiotherapy and occupational therapy) using local NHS reference cost schedules for 2000/1 [7] . All other costs (e.g. GP, day hospital) were taken from those given by Netten et al. [6] . The cost of stays in nursing and residential homes was estimated based on duration of stay using average costs [6] . The cost of time spent with a GP was estimated based on the number of recorded face-toface and telephone consultations. The cost of community health services (district nurse, community chiropodist, community speech and language therapist, health care of the elderly liaison nurse, community psychiatric nurse, occupational therapist, physiotherapist) was estimated based on recorded patient contact time.
Comprehensive details on the amount of each of the social services actually consumed were not available. Hence assumptions have been made based upon known information: whether a referral was made to the social services, and whether an ongoing care package had been Figure 1 . Flow of participants.
commissioned. The cost of referrals to social services professionals (social worker, occupational therapist, adult care team, visual impairment team) is based on the assumption of 1 hour of contact time. The cost of referrals to ongoing social services (day care, meals) is based on the care packages illustrated by Netten et al. [6] where two visits per week to a social services department day care centre and two frozen meals per week were assumed. It was also assumed that these services were ongoing from referral to the end of the study period. These assumptions were made following discussion with local clinicians.
The cost of local authority-funded home care was estimated based on recorded contact time. Services provided by charitable organisations (Red Cross, Age Concern) were not included because they were rarely used.
Cost data were available for all 370 patients. Our primary statistical comparison of costs was the t-test on raw data. However, since data were skewed, we adjusted comparisons using three techniques [8] . Adjustment A was a t-test of bootstrap-generated means. Adjustment B was a t-test of a log transformation of total cost data, using a bootstrapped variance µ, where µ = exp[(sample mean + sample variance/ 2)]. Adjustment C was to use the t-test on an estimate of the total costs derived by aggregating log transformations of each component category of cost data, and their bootstrapderived variances.
Cost-effectiveness study
The EuroQol EQ-5D [9] score was ascertained by postal assessment for 272 participants at 12 months. A zero score was given to the 66 participants who were dead at 12 months, and hence quality-adjusted life years (QALYs) were calculated for 338 participants. Of the 32 with no EuroQol EQ-5D score, 19 withdrew consent and 13 declined followup. We used these 338 values as the basis for 2,000 bootstrap resamples and did not attempt to impute any missing values.
The bootstrap technique was used to allow for uncertainty in cost and effect estimates [10] . The bootstrap technique repeatedly sampled, with replacement, cost and effect pairs from the EDRS and the usual care group data. We used 2,000 iterations of re-sampled estimates for pairs of costs and effect in all bootstrap simulations, each of which were plotted on the cost-effectiveness plane ( Figures  2 and 3) where the origin represents the comparator (usual care). Points in the south-east quadrant of the cost-effectiveness plane (lower costs, better outcomes) are said to dominate the comparator, whilst points in the north-west quadrant (higher costs, worse outcomes) are dominated by the comparator. Points in the remaining two quadrants (north-east and south-west) have either better outcome but higher cost or worse outcome but lower costs. These may or may not be desirable depending on decision-makers' values and objectives.
Incremental cost-effectiveness ratios (ICER = (cost of EDRS -cost of 'usual care')/(effect of EDRS -effect of usual care)) were calculated for points in the north-east and south-west quadrants of the cost-effectiveness plane. To use cost-effectiveness information, decision-makers must determine their maximum ICER, or amount they would be prepared to pay for additional units of benefit (denoted by K).
To examine the probability that the ICER is less than K for a range of values, monetised values for health benefits (K.∆Effect) can be created. Monetised values are health benefits translated into a money metric, such as the monetary value attributed to QALY. A decision can be made to implement an intervention when the monetised value of the health benefit minus the costs of the intervention (the Using the bootstrap sample, the probability that the INMB is greater than zero was calculated for different values of K and plotted on a cost-effectiveness acceptability curve [11] .
A simple sensitivity analysis was undertaken. In this, the cost of bed days was halved, acknowledging an alternative assumption that hospital inpatient days towards the end of an episode may incur lower costs than the initial days due to reduced intensity of treatment. At the same time, the costs of the EDRS were doubled, in case our estimates of these costs were too small or atypical. A cost-effectiveness acceptability curve was also created using these altered cost assumptions.
Results
Cost analysis
Cost data for the 12 months following trial recruitment are presented in Table 1 . The total cost per case was £1,727 lower in the EDRS group (t-test on untransformed data, P = 0.054), but cost data were positively skewed. The cost savings were largely due to reduced length of hospital stay and reduced use of day hospitals. Table 2 gives the results when adjusted for skew, which show statistically significant and larger cost savings than with the unadjusted data. Figure 2 is a scatter plot on the cost-effectiveness plane using the bootstrapped sample of cost and QALY data. The points are predominantly below the x-axis (since EDRS was cost saving) and are quite evenly distributed either side of the y-axis. Figure 3 is the distribution resulting from the sensitivity analysis, where the distribution is more closely grouped around the origin. Figure 4 shows the cost-effectiveness acceptability curve and indicates the probability that EDRS was costeffective when compared with 'usual care' for different monetary valuations of a QALY. Even in the sensitivity analysis, it is most likely that the EDRS was cost effective over this range.
Cost-effectiveness analysis
Discussion
We have previously found that the Nottingham EDRS was clinically effective and reduced the length of hospital stay [5] . In this paper we have shown that it was cost saving and highly likely to be more cost effective than usual care. The results of this study are consistent with an evaluation of another English scheme [2] .
Our base case cost-effectiveness analysis used the conventional approach of the QALY derived from the EuroQol EQ-5D, measured at 12 months, despite the RCT showing health benefits at both 3 and 12 months, using more sensitive and specific health measures [5] . We therefore think that the findings in this paper are robust and, if anything, are likely to underestimate the true cost-effectiveness of the EDRS. The patients receiving the EDRS were not charged for it, but the other economic consequences of the EDRS to patients and their carers was outside the scope of this study.
The analysis of the cost data was not straightforward owing to its skewed distribution. We followed Barber and Thompson's [12] recommendation to use bootstrapping techniques to confirm the findings of comparisons of mean costs using the standard t-test. When we used alternative estimators of the population mean to adjust for skew, we found increased and more significant cost savings due to the EDRS. We suggest that £1,700 is a reasonable estimate of the saving per case achieved by the use of the EDRS. The cost-effectiveness of the Nottingham EDRS was less certain in our sensitivity analysis, but we consider that the assumptions used in that analysis are less likely than those in the primary analysis. Although the costs incurred during later days of a surgical hospital stay are less than in the initial days [13] , this difference may be far less in the medical wards from which most of the patients were recruited in this study. Furthermore, since this study was conducted in the context of rising emergency admissions in hospitals nearing capacity, it would be inappropriate for our primary analysis to have costed days released by EDRS below average costs [13] .
Just as we indicated that the health benefits of the Nottingham EDRS may not generalise to other services if they are under-resourced, under-skilled or badly managed [5] , the same limits to generalisability must apply to these economic findings. For example, the development of a waiting list would inevitably reduce the cost savings due to released hospital bed days. Our findings would not apply to post discharge services that are not specifically directed towards reducing the length of hospital stay by the provision of home based rehabilitation, such as community follow-up schemes. The results should not be generalised to services where the costs of the intervention are likely to be very much higher, such as hospital-at-home or care home rehabilitation schemes.
We conclude that an adequately resourced, skilled and managed early supported discharge scheme is cost effective.
Key points
• We have previously described an early discharge service that reduced the length of hospital stay for elderly hospitalised patients and also improved their physical and mental health.
• In this study we have shown that, despite the intense home input from the early discharge and rehabilitation service, the latter was cheaper than routine care.
• We have also shown that there is a high likelihood that this service is cost effective. Value decision-maker is willing to pay for effect (per QALY gained) Probability EDRS is cost-effective option
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